South-central Africa is characterized by an archipelago of wetlands, which has evolved in time and space since at least the Miocene, providing refugia for animal species during Pleistocene arid episodes. Their importance for biodiversity in the region is reflected in the evolution of a variety of specialist mammal and bird species, adapted to exploit these wetland habitats. Populations of lions (Panthera leo) across south-central and east Africa have contrasting signatures of mitochondrial DNA haplotypes and biparental nuclear DNA in wetland and savannah habitats, respectively, pointing to the evolution of distinct habitat preferences. This explains the absence of genetic admixture of populations from the Kalahari savannah of southwest Botswana and the Okavango wetland of northern Botswana, despite separation by only 500 km. We postulate that ancestral lions were wetland specialists and that the savannah lions evolved from populations that were isolated during arid Pleistocene episodes. Expansion of grasslands and the resultant increase in herbivore populations during mesic Pleistocene climatic episodes provided the stimulus for the rapid population expansion and diversification of the highly successful savannah lion specialists. Our model has important implications for lion conservation.
In contrast, populations from the south-western Kalahari, straddling Botswana-South Africa (BOT-I), to the south, and a majority from east Africa, to the northeast, are characterized by a single (H11) haplotype ( Figure 1 ) (Antunes et al. 2008) . The disparate mtDNA signatures of the Okavango and Etosha populations, relative to those from the southwest Kalahari and East Africa, are supported by an independent genetic study, based on the cytochrome b (cytb) mtDNA sequence (Barnett et al. 2014) , and thus most unlikely to reflect a statistical sampling artifact. This, coupled with contrasting biparental nuclear DNA (nDNA) signatures of the southwest Kalahari (BOT-I) and Okavango (BOT-II) lions (Antunes et al. 2008 , Figure 2c ), leads to the remarkable conclusion that there has been a long-term lack of genetic admixture between these 2 populations, despite their separation by only some 500 km.
The wide geographic distribution of the H11 haplotype was ascribed to colonization of East Africa by lions dispersing from the southwest Kalahari (BOT-I) in response to ameliorating Pleistocene climatic changes, and the resultant expansion of grasslands and herbivore populations. This dispersion must have been via the Okavango (BOT-II), as many East African lions carry the FIV Ple A virus subtype derived from the Okavango (BOT-II) lion population (Figure 1 ) (Antunes et al. 2008) . However, the absence of the H11 haplotype in the Okavango suggests that transmission of the HIV Ple virus was via territorial conflict rather than sexual interactions. It is thus necessary to explain not only the lack of genetic admixture of these 2 populations but also why the Okavango (BOT-II) lions apparently failed to exploit the favorable habitat provided by expanding grasslands and also colonize East Africa (reflected by the absence of the H1 haplotype in the latter area).
Lions characterized by the H11 haplotype all occupy savannah habitats. In contrast, the Okavango (BOT-II) lions occupy a seasonal wetland habitat (Figure 1 , insets 2 and 3), subject to flooding during winter months, controlled by rainfall in the Angola highlands. The population from arid northwest Namibia (NAM) is centered on the Etosha Pan, which is a relict of a long-lived seasonal wetland, which still floods periodically, fed by late summer inflow from the Cuvelai drainage network to the north (Miller et al. 2010) (Figure 1 , inset 4). The Okavango and Etosha populations, both dominated by the H1 haplotype (absent in the savannah lions), thus occupy seasonal wetland habitats. Consequently, there is a 1:1 association between population haplotype signatures and habitat.
South-central Africa is characterized by an archipelago or mosaic of wetlands, which has evolved in time and space since at least the late Miocene (Cotterill 2005 (Cotterill , 2006 Moore et al. 2012) . Such wetlands would have provided important refugia for plant and animal species, particularly during Pleistocene arid climatic cycles. The distributions of a number of antelope species (e.g., Sitatunga [Tragelaphus spekii] and the Lechwe complex [Kobus leche]) are tightly congruent with the wetlands, reflecting the evolution of specializations to exploit these long-lived habitats. In contrast, species such as Oryx (Oryx gazella) (Figure 1 , inset 5), adapted to survive without surface water during dry winter months, exploit surrounding more arid savannah environments. Similarly, bird species typical of arid savannah environments, such as the Tropical Boubou (Laniarius aethiopicus) and Pied Babbler (Turdoides bicolour), have cogeneric wetland specialists, respectively, the Swamp Boubou (Laniarius bicolour) and White-rumped or Hartlaub's Babbler (Turdoides hartlaubii) (Leisler and Winkler 2001) . These observations highlight the importance of the long-lived wetland archipelago for faunal evolution in southcentral Africa.
The disparate mtDNA and nDNA signatures of lions occupying seasonal wetland environments, compared with those from savannah environments, point to the evolution of respective long-term habitat preferences. The single or majority H11 mtDNA haplotype present in many savannah populations has been interpreted to reflect a recent genetic bottleneck, linked to Pleistocene arid climate cycles (Antunes et al. 2008) . In contrast, populations occupying wetland habitats would be less susceptible to major climatic deteriorations. We therefore hypothesize that ancestral lions were wetland specialists, but that populations that became isolated during arid Pleistocene cycles experienced severe survival pressure, and adaptation to a savannah habitat, characterized by scarce winter water resources. As a result, only these latter lions exploited the expanding grasslands and associated food resources during more equitable Pleistocene climatic conditions. Pleistocene expansion of open grassland habitats was likely accompanied by diversification and demographic expansions of these highly successful savannah specialists.
Our observations have important implications for conservation and also highlight a number of issues relevant to ongoing research into the natural history of lions:
1. The disparate mtDNA and nDNA signatures of lions from the southwest Kalahari (BOT-I) and those only 500 km to the northeast in the Okavango (BOT-II) have close analogies with genetic differences between nearly contiguous giraffe (Giraffa camelopardalis) populations in East Africa (Brown et al. 2007 ). These authors suggested that this cryptic biodiversity was initiated by contraction and isolation of giraffe populations during Pleistocene arid episodes, highlighting the importance of palaeo-climates in addition to landform evolution for the interpretation of phylogenetic data. Brown et al. (2007) noted that the barriers to genetic interchange between the different giraffe populations are poorly understood but tentatively suggested that pelage imprinting, coupled with systematic differences in reproductive cycles, may play a role in maintaining the integrity of the divergent genetic lineages. Factors responsible for maintaining the disparate genetic signatures of the southwest Kalahari (BOT-I) and Okavango (BOT-II) lions are similarly not understood and represent an important focus for ongoing research.
2. Habitat preference in lion populations will contribute to the poor correlation between their genetic distances and geographic isolation noted by Antunes et al. (2008 
